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Description 

METHOD AND SYSTEM OF SCAUNG MR 
SPECTROSCOPIC DATA ACQUIRED 
WITH PHASED-ARRAY COILS 

Background of Invention 

[0001] The present invention relates generally to MR imaging 
and, more particularly, to a method of scaling MR spec- 
troscopic data acquired with a phased-array or surface 
coil arrangement. Moreover, the present invention in- 
cludes a system that supports the acquisition of MR spec- 
troscopic data for quantitative analysis of proton single 
voxel (volume element) spectra with a receive coil ar- 
rangement that also supports the acquisition of MR imag- 
ing data. 

[0002] When a substance such as human tissue is subjected to a 
uniform magnetic field (polarizing field B^), the individual 
magnetic moments of the spins in the tissue attempt to 
align with this polarizing field, but precess about it in 
random order at their characteristic Larmor frequency. If 



the substance, or tissue, is subjected to a magnetic field 
(excitation field B^) which is in the x-y plane and which is 
near the Larmor frequency, the net aligned moment, or 
"longitudinal magnetization", M^, may be rotated, or 
"tipped", into the x-y plane to produce a net transverse 
magnetic moment M^. A signal is emitted by the excited 
spins after the excitation signal is terminated and this 
signal may be received and processed to form an image. 
[0003] When utilizing these signals to produce images, magnetic 
field gradients (G , G , and G ) are employed. Typically, 
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the region to be imaged is scanned by a sequence of 
measurement cycles in which these gradients vary accord- 
ing to the particular localization method being used. The 
resulting set of received NMR signals are digitized and 
processed to reconstruct the image using one of many 
well known reconstruction techniques. 
[0004] MR spectroscopy (MRS) is a common MR technique used 
for the determination of individual chemical compounds 
or metabolites located within a volume of interest. The 
underlying principle of MRS is that atomic nuclei are sur- 
rounded by a cloud of electrons which slightly shield the 
nucleus from any external magnetic field. As the structure 
of the electron cloud is specific to an individual molecule 



or compound, the magnitude of this screening effect is 
then also a characteristic of the chemical environment of 
individual nuclei. Since the resonance frequency of the 
nuclei is proportional to the magnetic field it experiences, 
the resonance frequency can be determined not only by 
the external applied field, but also by the small field shift 
generated by the electron cloud. Detection of this chemi- 
cal shift, which is usually expressed as "parts per million" 
(ppm) of the main frequency, requires high levels of ho- 
mogeneity of the main magnetic field B^. 
[0005] Quantitative analysis of proton single voxel spectra in 
terms of arbitrary units has become a widely-used and 
standard approach for carrying out MRS exams. Typically, 
the quantitative analysis relies or is predicated upon the 
direct proportionality of acquired MRS signal and metabo- 
lite concentrations in the voxel when the MRS signal is 
scaled by transmitter and receiver gains. This proportion- 
ality is particularly accurate for RF signal transmission and 
reception with linear or quadrature volume resonators or 
coils. However, such scaling can be inaccurate when the 
MRS signal is acquired with surface or phased-array coils 
as a result of the spatially varying sensitivity of these 
coils. 



[0006] phased-array coils are frequently being used to acquire 

MR imaging data, but not MRS data. MRS data is generally 
acquired with volume resonators characterized by spa- 
tially homogeneous sensitivity. However, a number of 
imaging techniques, including parallel imaging, require 
phased-array coil arrangements. In addition, other imag- 
ing techniques prefer phased-array coil arrangements be- 
cause these arrangements advantageously combine the 
preferred SNR characteristics of smaller FOV coils with the 
extended FOV coverage afforded by larger volume res- 
onators. As noted above, however, it is impractical to use 
phased-array coils to acquire MRS data in order to carry 
out a quantitative analysis of proton single voxel spectra. 
To conduct an MR imaging scan with parallel imaging 
techniques as well as acquire MRS data for quantitative 
analysis requires a change between phased-array coils 
and volume resonators during the clinical exam — a time 
consuming, arduous, and impractical task. 

[0007] Other proposed approaches to rescaling MRS data ac- 
quired with phased-array or surface coils utilize coil sen- 
sitivity maps. Generation of coil sensitivity maps, however, 
requires separate imaging scans — a scan to acquire the 
MRS data and a scan to acquire coil sensitivity data. Sepa- 



rate scans decrease patient throughput and are therefore 
not a viable solution. 
[0008] It would therefore be desirable to have a system and 

method capable of quantitative MRS analysis of MR spec- 
troscopic data acquired with a phased-array or surface 

coil arrangement. 
Brief Description of Invention 

[0009] The present invention provides a system and method of 
scaling MRS data acquired with a phased-array or surface 
coil arrangement to support proton single voxel spectra 
quantitative analysis that overcomes the aforementioned 
drawbacks. 

[0010] The present invention includes a system and method ca- 
pable of rescaling spectroscopic data acquired with 
phased-array or surface coils to absolute "local" units and, 
hence, preserves the quantitative approach to single voxel 
MRS. A reference signal that is acquired with a body RF 
coil from a volume-of-interest (VOI) is used to scale MR 
spectroscopic data acquired from the VOI with a plurality 
of RF receive coils, i.e. phased-array or surface coils. In 
this regard, the amplitude of the reference signal and the 
amplitude of a corresponding signal in the MRS data are 
matched. For instance, unsuppressed water across the VOI 



may be used as the reference signal. In the rescaling pro- 
cess, the amplitude of water in the MRS data will be set to 
match the amplitude of the water reference signal. 

[0011] Therefore, in accordance with one aspect of the present 
invention, a method of MRS includes the steps of acquir- 
ing a reference signal with a body coil and acquiring 
metabolite signals with a plurality of receive coils. The 
method further includes combining the metabolite signals 
to form a single MRS spectrum and scaling the single MRS 
spectrum as a function of intensity of the reference signal. 

[0012] In accordance with another aspect of the invention, an MR! 
apparatus includes an MR! system having a plurality of 
gradient coils positioned about a bore of a magnet to im- 
press a polarizing magnetic field. An RF transceiver sys- 
tem and an RF switch are controlled by a pulse module to 
transmit and receive RF signals to and from an RF coil as- 
sembly to acquire MRS data. The RF coil assembly includes 
a body RF volume coil for RF transmission and reception, 
and a phased-array of RF coils for RF reception. The MRI 
apparatus also includes a computer programmed to scale 
a composite signal of metabolite signals acquired with the 
phased array coils based on a reference signal acquired 
with the whole body coil. 



[0013] In accordance with another aspect, the invention is em- 
bodied in a computer program stored on a computer 
readable storage medium and having instructions which, 
when executed by a computer, cause the computer to ac- 
quire an unsuppressed MRS water signal with a transmit 
and receiver volume coil, and acquire MRS metabolite sig- 
nals with a plurality of receive coils. The computer is then 
caused to combine the MRS metabolite signals to form an 
MRS composite spectrum and scale the MRS composite 
spectrum to an intensity of the unsuppressed MRS water 
signal. 

[0014] Various other features, objects, and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0015] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0016] In the drawings: 

[0017] Fig. 1 is a schematic block diagram of an MR imaging sys- 
tem for use with the present invention. 

[0018] Fig. 2 is a flow chart setting forth the steps of an MRS ac- 
quisition and rescaling technique in accordance with the 



present invention. 

[0019] Fig. 3 is a grapli illustrating an exemplary free induction 

decay (FID) curve of unsuppressed water signal acquired 

with a body coil used as a transmit and receive coil. 
Detailed Description 

[0020] Referring to Fig. 1, the major components of a preferred 
magnetic resonance imaging (MR!) system 10 incorporat- 
ing the present invention are shown. The operation of the 
system is controlled from an operator console 12 which 
includes a keyboard or other input device 13, a control 
panel 14, and a display screen 16. The console 12 com- 
municates through a link 18 with a separate computer 
system 20 that enables an operator to control the produc- 
tion and display of images on the display screen 16. The 
computer system 20 includes a number of modules which 
communicate with each other through a backplane 20a. 
These include an image processor module 22, a CPU 
module 24 and a memory module 26, known in the art as 
a frame buffer for storing image data arrays. The com- 
puter system 20 is linked to disk storage 28 and tape 
drive 30 for storage of image data and programs, and 
communicates with a separate system control 32 through 
a high speed serial link 34. The input device 13 can in- 



elude a mouse, joystick, keyboard, track ball, touch acti- 
vated screen, light wand, voice control, or any similar or 
equivalent input device, and may be used for interactive 
geometry prescription. 
[0021] The system control 32 includes a set of modules con- 
nected together by a backplane 32a. These include a CPU 
module 36 and a pulse generator module 38 which con- 
nects to the operator console 12 through a serial link 40. 
It is through link 40 that the system control 32 receives 
commands from the operator to indicate the scan se- 
quence that is to be performed. The pulse generator 
module 38 operates the system components to carry out 
the desired scan sequence and produces data which indi- 
cates the timing, strength and shape of the RF pulses pro- 
duced, and the timing and length of the data acquisition 
window. The pulse generator module 38 connects to a set 
of gradient amplifiers 42, to indicate the timing and shape 
of the gradient pulses that are produced during the scan. 
The pulse generator module 38 can also receive patient 
data from a physiological acquisition controller 44 that 
receives signals from a number of different sensors con- 
nected to the patient, such as ECG signals from electrodes 
attached to the patient. And finally, the pulse generator 



module 38 connects to a scan room interface circuit 46 
wliicli receives signals from various sensors associated 
with the condition of the patient and the magnet system. 
It is also through the scan room interface circuit 46 that a 
patient positioning system 48 receives commands to 
move the patient to the desired position for the scan. 
[0022] jhe gradient waveforms produced by the pulse generator 
module 38 are applied to the gradient amplifier system 42 
having G , G , and G amplifiers. Each gradient amplifier 
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excites a corresponding physical gradient coil in a gradi- 
ent coil assembly generally designated 50 to produce the 
magnetic field gradients used for spatially encoding ac- 
quired signals. The gradient coil assembly 50 forms part 
of a magnet assembly 52 which includes a polarizing 
magnet 54 and a whole-body RF coil 56. A transceiver 
module 58 in the system control 32 produces pulses 
which are amplified by an RF amplifier 60 and coupled to 
the RF coil 56 by a transmit/receive switch 62. The result- 
ing signals emitted by the excited nuclei in the patient 
may be sensed by the same RF coil 56 and coupled 
through the transmit/receive switch 62 to a preamplifier 
64. The amplified MR signals are demodulated, filtered, 
and digitized in the receiver section of the transceiver 58. 



The transmit/ receive switch 62 is controlled by a signal 
from the pulse generator module 38 to electrically con- 
nect the RF amplifier 60 to the coil 56 during the transmit 
mode and to connect the preamplifier 64 to the coil 56 
during the receive mode. The transmit/receive switch 62 
can also enable a separate RF coil (for example, a surface 
coil) to be used in either the transmit or receive mode. 
[0023] The MR signals picked up by the RF coil 56 are digitized 

by the transceiver module 58 and transferred to a memory 
module 66 in the system control 32. A scan is complete 
when an array of raw k-space data has been acquired in 
the memory module 66. This raw k-space data is rear- 
ranged into separate k-space data arrays for each image 
or spectrum to be reconstructed, and each of these is in- 
put to an array processor 68 which operates to Fourier 
transform the data into an array of image or spectroscopy 
data. This image or spectroscopy data is conveyed 
through the serial link 34 to the computer system 20 
where it is stored in memory, such as disk storage 28. In 
response to commands received from the operator con- 
sole 12, this image or spectroscopy data may be archived 
in long term storage, such as on the tape drive 30, or it 
may be further processed by the image processor 22 and 



conveyed to the operator console 12 and presented on the 
display 16. 

[0024] The present invention is directed to a system and method 
of obtaining absolute scaling of metabolite signals ac- 
quired with phased-array or surface coils in a single voxel 
MR spectroscopic exam. The acquisition of the required 
data can easily be integrated into a standard spectroscopy 
exam. For a clinical exam, the present invention allows a 
spectroscopy exam aiming for absolute quantification to 
be added or otherwise incorporated with a standard clini- 
cal MR imaging exam without needing to consider chang- 
ing the coil from a phased-array to a quadrature volume 
resonator during the patient study. 

[0025] The present invention is particularly applicable with a 1.5T 
MR! scanner such as a GE Signa LX scanner that is com- 
mercially available from GE Healthcare, Waukesha, Wl, but 
is applicable with other MR scanners. SIGNA is a regis- 
tered trademark of General Electric Company, Fairfield, 
Connecticut. As will be described, MR spectroscopy data is 
acquired with a multi-channel phased-array coil whereas 
reference data is acquired with a body coil. The body coil 
may be a whole-body coil or a partial body coil, and the 
present invention is equivalently applicable with each. 



While it is common to use a body coil as transmitter in 
combination with phased-array coils, the present inven- 
tion also uses the body coil to receive reference data. The 
use of phased-array coils has been chosen as an example, 
but one skilled in the art will appreciate that the present 
invention is applicable with other types of surface or array 
coils. A Point REsolved Spectroscopy (PRESS) based single 
voxel technique may be used for data acquisition but 
other localized spectroscopy sequences are equivalently 
applicable. While the present invention will be described 
with respect to single voxel spectra, the present invention 
is equivalently applicable to chemical shift imaging (CSI) 
data and the like. 
[0026] Referring now to Fig. 2, the steps of a technique 70 to ac- 
quire and reconstruct single voxel MR spectra are set 
forth. The MRS exam 70 begins with prescription of the 
MRS exam, placement of the patient or other subject in 
the MR scanner, and executing standard pre-scanning 
protocols well-known in the art 72. After the subject is 
properly positioned and the MRS prescription set 72, as in 
most standard MR spectroscopy scans, an automatic pres- 
can is carried out at 74. The data acquired from the pres- 
can is used to calibrate or otherwise set scan parameters 



such as shim values, transmit frequencies, receiver gains 
of the phased-array coil arrangement, and the transmitter 
gain of the body coil. In contrast to the acquisition of 
spectroscopic data after the prescan of a standard MRS 
exam, MRS technique 70 of the present invention contin- 
ues with acquisition at 76 of a reference signal 86, Fig. 3. 
This reference signal 86, as will be described, will be used 
to scale MRS data acquired with the phased-array or sur- 
face coils. 

[0027] It is contemplated that a number of substances may be 
used as the basis of the target signal, but in a preferred 
embodiment, the reference signal is acquired at 76 from 
unsuppressed, localized water lines. It should be noted 
that the reference signal is acquired with the body coil. In 
this regard, the body coil is used to transmit as well as re- 
ceive RF energy. The reference signal is also acquired 
from the same VOI from which the MRS data will be ac- 
quired. 

[0028] Following acquisition of the reference signal at 76 a spec- 
troscopy acquisition is carried out whereby MRS data is 
acquired from the phased-array or surface coil arrange- 
ment at 78 in a known manner. A PRESS-based or other 
acquisition process may be used to acquire the MRS data. 



In known MRS, the spectroscopy data acquisition witli 
pliased array coils is customarily followed by an individual 
reconstruction and a final recombination of these spectra 
to produce a single spectrum with maximized SNR. As a 
result, the signal amplitude of the resulting spectrum is 
not directly proportional to the metabolite concentrations 
in the volume element studied due to scaling factors ap- 
plied during the recombination algorithm and the spatially 
varying reception profile of the phased array coils. 
[0029] To re-gain this proportionality, process 70 follows the ac- 
quisition of the MRS data with the recombination of the 
MRS data acquired from the respective coils of the 
phased-array or surface coil arrangement to a single re- 
combined MRS signal 80. This recombination not only 
yields a single MRS signal or spectrum, but the recombi- 
nation is carried out to maximize or otherwise improve 
SNR. Following recombination, the recombined MRS signal 
or spectrum is rescaled 82 as a function of the intensity of 
the reference signal. In a preferred embodiment, the re- 
combined MRS signal is rescaled such that the portion of 
the combined spectrum that is associated with water has 
the same amplitude as the reference signal. That is, the 
combined signal is scaled such that the amplitude of the 



water signal acquired witli tlie wliole body coil matches 
the amplitude of the water signal acquired with the 
phased-array or surface coil arrangement. As a result, a 
scaled spectrum may be displayed at 84 for a given vol- 
ume element with a direct proportionality being reclaimed 
between metabolite concentration in the volume and the 
acquired MRS signal. 

[0030] As heretofore described, the MRS data acquired with the 
phased-array or surface coil arrangement is scaled by a 
reference signal acquired by a body coil. As such, the 
phased-array or surface coils are collectively adjusted to 
have a sensitivity to the VOI as the body coil, which spa- 
tially covers the VOI. 

[0031] Referring now to Fig. 3, a curve 86 indicative of the signal 
intensity of unsuppressed water over time is shown. 
Specifically, curve 86 illustrates the free induction decay 
(FID) of water. This exemplary FID of water is typical for a 
water signal acquired with a body coil as a transmit and 
receive coil. As noted above, water may be used as the 
basis of the reference signal for scaling of the MRS data 
acquired with the phased-array or surface coils. While any 
point along the curve may be used, the first point 88 of 
the FID curve 86 has been shown to provide very reliable 



results. One skilled in the art will however appreciate that 
other methods may be used to quantify signal amplitudes. 

[0032] The present invention has been described with respect to 
a system and method designed to rescale spectroscopic 
data acquired with phased-array or surface coils to abso- 
lute "local" units and, hence, preserves the industry-pre- 
ferred, quantitative approach to single volume element 
MRS. An MRS signal is acquired from water using a whole- 
body coil and is used as a reference signal to scale MR 
spectroscopic data acquired with a plurality of RF receive 
coils, including phased-array or surface coils. In the 
rescaling process, the amplitude of water or other refer- 
ence compound, molecule, etc. in the MRS data will be set 
to match the amplitude of the water or other compound, 
molecule, etc. reference signal. 

[0033] As the present invention supports an MRS exam with ab- 
solute signal scaling of spectroscopic data acquired with 
phased-array coils, the present invention further supports 
implementation of such an MRS exam in conjunction with 
a conventional MR imaging scan. That is, there is no 
longer a need to replace the phased-array coil or surface 
coil architecture used to acquire MR data for imaging with 
a quadrature or volume resonator previously required for 



quantitative MRS analysis. An advantage of this invention 
is that both the MRS analysis and the MR imaging scan can 
be carried out with the same MR scanner and phased-ar- 
ray or surface coil arrangement. In addition, the present 
MRS technique described above may be incorporated with 
standard MRS protocols. 

[0034] Therefore, a method of MRS is disclosed and includes the 
steps of acquiring a reference signal with a body coil and 
acquiring metabolite signals with a plurality of receive 
coils. The method further includes combining the 
metabolite signals to form a single MRS spectrum and 
scaling the single MRS spectrum as a function of intensity 
of the reference signal. 

[0035] In another embodiment of the invention, an MRI apparatus 
includes an MRI system having a plurality of gradient coils 
positioned about a bore of a magnet to impress a polariz- 
ing magnetic field. An RF transceiver system and an RF 
switch are controlled by a pulse module to transmit and 
receive RF signals to and from an RF coil assembly to ac- 
quire MRS data. The RF coil assembly includes a body RF 
coil and a phased-array of RF coils. The MRI apparatus 
also includes a computer programmed to scale a compos- 
ite signal of metabolite signals acquired with the phased 



array coils based on a reference signal acquired with the 
body coil. 

[0036] In yet another embodiment, the invention is embodied in 
a computer program stored on a computer readable stor- 
age medium and having instructions which, when exe- 
cuted by a computer, cause the computer to acquire un- 
suppressed MRS water signal with a transmit and receiver 
volume coil and acquire MRS metabolite signals with a 
plurality of receive coils. The computer is then caused to 
combine the MRS metabolite signals to form an MRS com- 
posite spectrum and scale the MRS composite spectrum to 
an intensity of the unsuppressed MRS water signal. 

[0037] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



